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Abstract 
The response of an e l e c t r o s t a t i c  probe 
i s  examined wi th  r e fe rence  t o  t h e  probe 
geometry. The s tudy involves  t h e  evalu-  
a t i o n  of t h e  probe X func t ion ,  from 
which response- re la ted  c h a r a c t e r i s t i c  
parameters can be der ived .  These para-  
meters enable  t h e  probe d e t e c t i o n  E n s -  
i t i v i t y  s and s a t i a l  s e l e c t i v i t y  S t o  
be q u a n t i t a t i v e l y  a s ses sed .  
e P 
Introduction 
E l e c t r o s t a t i c  probes a r e  f r equen t ly  em- 
ployed t o  measure charges  on i n s u l a t i n g  
sur faces .Mostprobes  c o n s i s t e s s e n t i a l -  
ly of a long c y l i n d r i c a l  s h a f t  a t  e a r t h  
p o t e n t i a l ,  w i th  a c i r c u l a r  conducting 
d i s c  i n s u l a t e d  f rombutmountedcoaxia l -  
l y  a t  t h e  end of t h e  s h a f t .  The poten t -  
i a l  of t h e  d i s c l s e n s o r - p l a t e  i s  f l o a t -  
ing.  Charges a r e  e l e c t r o s t a t i c a l l y  i n -  
duced on the sensor  p l a t e  by t h e  ambient 
su r f ace  charge,  and thus  a s  t h e  probe i s  
movedpara l l e l  t o  t he  i n s u l a t i n g  su r face  
the  p o t e n t i a l o f t h e  s e n s o r p l a t e v a r i e s .  
The probe senso r -p l a t e  p o t e n t i a l ,  which 
i s  t h e  measured parameter ,  p rovides  t h e  
input  da t a  necessary t o  quan t i fy  t h e  
su r face  charge.  
response of a probe [ 2 - 4 1 .  I n  t h e  pres -  
e n t  s tudy ,  t h e  in f luence  of t h e  probe 
geometry i t s e l f  upon t h e  X func t ion  i s  
examined. The rea f t e r  t h i s  knowledge en- 
ab le s  t h e  response of t h e  probe wi th  r e -  
s p e c t t o  d e t e c t i o n  s e n s i t i v i t y  and spa t -  
i a l  r e s o l u t i o n  t o  be q u a n t i f i e d .  
The A Function 
The X func t ion  r e l a t e s  t h e  charge i n -  
duced on t h e  probe t o  any charges w i t h i n  
t h e  d i e l e c t r i c  volume o r  a t  an i n t e r f a c e  
[l]. I f  it i s  assumed that t h e  volume 
charge d e n s i t y w i t h i n t h e  s o l i d  d i e l e c t -  
r i c  i s  zero, then t h i s  r e l a t i o n s h i p  can 
be expressed simply a s  
q = - J&dA 
A0 
where q i s  t h e  Poissonian  induced charge 
on t h e  sensor  p l a t e ,  and CT i s  t h e  sur -  
f ace  charge dens i ty  on t h e  su r face  e l e -  
ment dA of A, ,  t h e  su r face  of t h e  s o l i d  
d i e l e c t r i c .  
The dimensionless  parameter X i s  a so lu-  
t i o n  of t h e  gene ra l  Laplace equat ion  f o r  
t h e  complete system geometry: v iz .  
+ +  
V*(&VX) = 0 
The r e l a t i o n s h i p  between t h e  charge in -  The boundary condi t ions are = at 
duced on the probe (change in potential) t h e  probe senso r -p l a t e  and = 0 a t  a l l  
and the surface charge density at  the o t h e r  e l e c t r o d e s .  I n  a d d i t i o n ,  a t  a d i e -  
i n s u l a t i n g  surface is in l e c t r i c  i n t e r f a c e  t h e  normal d e r i v a t i v e s  
t e r n s  of a genera l  func t ion ,  t h e  X fun- 
c t i o n  [l]. Using t h i s  func t ion ,  it has  
been poss ib l e  t o  examine t h e  in f luence  E [a] = ._(a] 
of must obey t h e  condi t ion 
( 3  1 of t he  o v e r a l l  system geometry upon t h e  i- an * an - 
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where the t and - signs refer to the 
opposite sides of the interface. As (2) 
is just Laplace's equation, any stand- 
ard method of solving this equation can 
be employed to evaluate the variation 
of X at the surface. On this occasion, 
solutions of Laplace's equation were 
obtained using a finite element software 
package. These solutions are then util- 
ized to study the dependence of the 
probe response upon its geometry. 
Probe and System Geometry 
The actual geometry of the probe used 
in this study is shown in Fig.la, in 
which r is the radius of the sensor 
plate and x is the radial distance from 
the probe axis. The outer radius of the 
probe guard ring is R, while the gap be- 
tween the sensor plate and the guard 
ring is A. To minimise the influence on 
X of the probe shaft of length L, this 
latter parameter was dimensioned as 
large as possible. In the present case 
L was set to be greater than 90r. The 
probe itself is positionedperpendicular 
to a planar dielectric surface, at a 
heighth above the gas/dielectric inter- 
face; see Fig.lb. 
The dielectric spacer, of relative per- 
mittivity E ~ ,  has a thickness t in a 
direction parallel to the .probe axis. 
The spacer ismounted on agroundedplan- 
ar electrode, see Fig.lb. In the direct- 
ion normal to the probe axis, the extent 
of the solid dielectriclgrounded elect- 
rode is much greater than the outer dia- 
meter of the probe. With the present 
software this distance is set to 250r. 
Results and Discussion 
With respect to the probe itself, the 
dimensions originally employed by Ped- 
ersen (11 were used as a reference data 
set: R = 6r, A = O.lr and h = 0.5r. With 
respect to the spacer geometry, we sel- 
ect t = 20r and E = 4 .  The evaluation 
of X was undertaken for several values 
r 
of h, R and A. 
Along the dielectric interface, X exhib- 
ited the same bell-shaped distribution 
as reported previously [l-41. The prin- 
cipal effect of varying h ,  R and A was 
to influence the magnitude of A, see 
Tables 1-3. This affects q ,  see (1). 
t y  
A=O 
Fig.1. The probe and system geometry. 
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From Table 1, w i t h  respect t o  the refer- 
ence data set, a reduct ion  i n  h l eads  t o  
an inc rease  i n  X ( O ) ,  a reduct ion  i n  
X ( 6 r )  but  an inc rease  i n  X ( 6 0 r ) .  I n  gen- 
e r a l ,  an inc rease  i n  h produces t h e  op- 
p o s i t e  behaviour. Changing t h e  value of 
R has a n e g l i g i b l e  e f f e c t  on X ( O ) ,  see 
Table 2 .  However a reduct ion  i n  t h e  R 
va lue  l eads  t o  an inc rease  i n  X(6r)  and 
X ( 6 0 r ) .  The oppos i te  behaviour i s  seen 
o n i n c r e a s i n g  t h e v a l u e  of R .  This i n f l u -  
ence of R i s  r e a d i l y  understood a s  t h e  
dimensions of t he  guard r i n g  r e l a t e  t o  
the  geometry of a ( A  = 0 )  boundary. The 
inf luence  of  A upon X ( 0 )  i s  minimal, see 
Table 3 ,  al though inc reas ing  va lues  of A 
l ead  t o  an o v e r a l l  i nc rease  i n  t h e  X ( 0 )  
va lues ,  and v i c e  ve r sa .  Changes i n  X ( 6 r )  
and X ( 6 0 r )  a r e  more marked. 
The s ign i f i cance  of t h e  changes i n  t h e  
t abu la t ed  X values  can be q u a n t i f i e d  by 
examining t h e  behaviour of two o t h e r  par -  
ameters ;  viz.  S (x) a n d S  ( x ) .  Thesepar-  
e P 
ameters desc r ibe  t h e  d e t e c t i o n s e n s i t i v -  
i t y  and t h e  s p a t i a l  r e s o l u t i o n ,  respec t -  
i v e  l y  . 
I f  (x,y) represent  c y l i n d r i c a l  coordin- 
a t e s ,  see  F i g . l b ,  then  f o r  a d i s c  of  con- 
s t a n t  su r f ace  dens i ty  U l oca t ed  a t  a 
d i e l e c t r i c  i n t e r f a c e ,  t h e  charge q i n -  
duced on t h e  sensor  p l a t e  i s  given by 
0 
X 
q ( x )  -- -27ro 0 JX(x ' ,y )x 'dx '  ( 4 )  
0 
where x' i s  a dummy v a r i a b l e ,  and a con- 
s t a n t  y r ep resen t s  a p l ana r  i n t e r f a c e .  
With r e spec t  t o  q ,  we in t roduce  a d e t e c t -  
i on  s e n s i t i v i t y  S (x) def ined  as e 
X 
(5) 
Se(x> = ( 2 1 r  2 ) lX(x ' , y )x 'dx '  
Table 1. X(x) d a t a  f o r  vary ing  h. 
h l r  X ( 0 )  A ( 6 r )  X ( 6 0 r )  
0 . 2 5  0 . 4 6 2  3 . 3 7 ( - 3 )  3 . 7 3 ( - 5 )  
0 .5  0.289 4 - 4 4 ( - 3 )  3.53(-5) 
1.0  0 .142  4 . 8 0 ( - 3 )  3 . 0 4 ( - 5 )  
2 . 0  0 . 0 5 1  4 . 2 9 ( - 3 )  2 . 3 3 ( - 5 )  
A l r  = 0 . 1 ,  R l r  = 6 
Table 2.  X(x) d a t a  f o r  vary ing  R .  
6 0.289 4 - 4 2 ( - 3 )  3 . 5 3 ( - 5 )  
12  0 .289  3 . 3 0 ( - 3 )  1 . 6 9 ( - 5 )  
A i r  = 0 . 1 ,  h / r  = 0 . 5  
Table 3 .  X(x) da ta  f o r  varying A .  
A l r  X ( 0 )  X ( 6 r )  A (  6 0 r )  
0 .05  0 .283  4 . 2 0 ( - 3 )  3 . 3 6 ( - 5 )  
0.1 0.289 4 . 4 0 ( - 3 )  3 . 5 2 ( - 5 )  
0 . 2  0 .298  4 . 8 0 ( - 3 )  3 . 8 3 ( - 5 )  
0 .5  0 .322  6 . 0 0 ( - 3 )  4 . 7 8 ( - 5 )  
h l r  = 0 . 5 ,  R l r  = 6 
- 3  Note: ( - 3 )  2 1 0  
The f i g u r e s  i n  bold r e f e r  t o  t h e  r e f e r -  
ence da t a  s e t  ( r e fe rence  p robe ) .  
0 charge d i r e c t l y  beneath t h e  sensor  
p l a t e .  From Fig.2,  t h i s  e q u a l i t y  i s  met The v a r i a t i o n  of S f o r  t h e  re ference  e 
probe i s  ind ica t ed  i n  Fig.2.  It should f o r  = 9 * 5 1 r *  
be noted t h a t  Se(x) = 1 when t h e  induced 
With respect to the reference probe, i n -  
charge i s  equal  i n  magnit.de t o  t h e  c reas ing ldec reas ing  h l eads  t o  a de- 
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c r e a s e l i n c r e a s e i n s  (x ) ,  seeFig .2a .Re-  of A,  see  Fig.2b. Reducing A produces 
a minor reduct ion  ( < 5 % ) .  e 
ducing R genera tes  an inc rease  i n  S e s -  
p e c i a l l y  when l a r g e  a r e a s  o f c h a r g e  a r e  I n  the  contex t  of 4, we can a l s o  de f ine  
being examined, whi le  t h e  oppos i te  e f -  a s p a t i a l  S e l e c t i v i t y  f a c t o r  S ( X I  a s  
f e c t  i s  obta ined  by inc reas ing  R, s ee  fol lows 
Fig.2b. The va lue  of A a l s o  in f luences  X 
Se, p a r t i c u l a r l y  f o r  i nc reas ing  va lues  
e '  
P 
SOX ( xB ,y )  x' dx'  
P X  ( X I , y )  x' dx'  s (x) = (6) P 
where x i s  t h e  maximum r a d i a l  e x t e n t  of 
t h e  charged a r e a .  Again a cons t an t  
charge dens i ty  cr i s  assumed t o  e x i s t  a t  
t h e  i n t e r f a c e .  The parameter x al lows 
t h e  s p a t i a l  s e l e c t i v i t y  of t h e  probe t o  
be q u a n t i f i e d .  I n  t h i s  s tudy x = 60r .  
The v a r i a t i o n  of S f o r  t h e  r e fe rence  
P 
probe ; i s  shown i n  F ig .3 ,  curve 1. For a 
l a r g e  a r e a  of charge ( x  = 1 0 R ) ,  t h e  d i -  
agram i n d i c a t e s  t h a t  t h e  charge n o t  d i r -  
e c t l y  under t h e  probe c o n t r i b u t e s  t h e  
0 
0 
0 
0 
0 
0 10 io i o  40 50 i o  Tr major ; p o r t i o n  of t h e  induced charge.  
a )  l : h / r  = 0.5,  3 : h l r  = 1 1 R / r  = 6 I n c r e a s i n g l d e c r e a s i n g h  e f f e c t i v e l y d e -  
2 : h l r  = 0.25,  4 : h l r  = 2 J A / r  = 0.1 c r e a s e s l i n c r e a s e s  s ( X I  i n  t h e  range P 
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0 < x < 3R. For the situations consider- 
ed, the maximum change is < 2 O X  at the 
edge of the probe. Thus although h has a 
s i g n i f i c a n t i n f l u e n c e o n X ( 0 ) .  this feat- 
ure is offset by the product X ( x , y ) x  in 
the integrals of (6). 
The influence of R on S is also shown 
in Fig.3. Decreasing R from the refer- 
ence value increases the proportion of 
the induced charge arising from the "ex- 
ternal" charge. The opposite behaviour 
is observed by increasing R. Although 
R has a negligible effect on X ( O ) ,  the 
extension of the ( A  = 0) boundary reduc- 
es the off-axis X values to such a de- 
gree that the induced charge contribut- 
ion from the ouLer areas of charge now 
plays a minor role. 
P 
The influence of A on Sp is essentially 
negligible. 
Conc lus ion 
Through a study of a probe X function, 
the influence of the probe geometry upon 
the probe responsewas undertaken. Spec- 
ifically, the study indicates the manner 
in which the detection sensitivity and 
the spatial resolution are influencedby 
the different geometric parameters. The 
guard-ring dimension exercises a domin- 
ating role, and can be adjusted to gen- 
erate a narrow X distribution. 
The X function approach provides quant- 
itative design criter-ia such that for 
any given situationprobe dimensions can 
be readily optimised t o  maximise the 
sensitivity. As shown in [5], a surface 
scanningprocedure is essential. Aknow- 
ledge o f  the probe X function enables a 
quantitative interpretationofthe probe 
signal to be undertaken. 
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